



学校编码：10384                                 分类号     密级          
学号：21720081152593                                     UDC          
 
硕  士  学  位  论  文 
水稻病程相关基因 XIOsPR10 的功能研究 
Functional Study of XIOsPR10 gene in rice 
王丽娟 
  指导教师姓名：陈 亮 教授 
专  业 名 称：细胞生物学 
论文提交日期：2011 年  月 
论文答辩时间：2011 年  月 
学位授予日期：2011 年  月 
  
答辩委员会主席： 
评    阅    人： 

























另外，该学位论文为（                          ）课题（组）
的研究成果，获得（             ）课题（组）经费或实验室的资


































（   ）1.经厦门大学保密委员会审查核定的保密学位论文，于   
年  月  日解密，解密后适用上述授权。 






                             声明人（签名）： 
















摘 要............................................................................................................... 1 
Abstract.......................................................................................................... 3 
缩略词............................................................................................................. 5 
第一章 前言 .................................................................................................. 7 
1.1 水稻细菌性条斑病研究进展 ............................................................................. 7 
1.2 植物激素与植物的防御反应 ............................................................................. 9 
1.2.1 茉莉酸类物质........................................................................................... 9 
1.2.2 水杨酸..................................................................................................... 12 
1.2.3 脱落酸..................................................................................................... 13 
1.3 类受体蛋白激酶与植物防御反应 ................................................................... 14 
1.4 病程相关蛋白与植物防御反应 ....................................................................... 15 
1.4.1 PR-1 蛋白 ................................................................................................ 17 
1.4.2 PR-5 蛋白 ................................................................................................ 18 
1.4.3 PR-10 蛋白 .............................................................................................. 19 
1.5 丙二烯氧化合成酶与植物防御反应 ............................................................... 21 
1.6 研究的目的和意义 ........................................................................................... 21 
第二章 材料与方法 .................................................................................... 23 
2.1 材料.................................................................................................................... 23 
2.1.1 水稻（Oryza sativa L.）材料 ................................................................ 23 
2.1.2 菌株......................................................................................................... 23 
2.1.3 化学试剂................................................................................................. 23 
2.1.4 主要化学仪器......................................................................................... 23 
2.1.5 培养基及化学试剂的配制..................................................................... 24 
2.2 方法.................................................................................................................... 25 
2.2.1 引物的设计............................................................................................. 25 
2.2.2 转 XIOsPR10 基因植株的检测 ............................................................. 27 
2.2.3 细条菌的接菌试验................................................................................. 30 
















2.2.5 转基因植株中防御相关基因的检测..................................................... 31 
2.2.6 非生物处理实验..................................................................................... 31 
第三章 结果与分析 .................................................................................... 32 
3.1 转基因植株的检测与分析 ............................................................................... 32 
3.1.1 转基因植株的表型观察......................................................................... 32 
3.1.2 组织化学染色......................................................................................... 32 
3.1.3 PCR 检测转基因植株 ............................................................................. 33 
3.1.4 半定量 RT-PCR 检测转基因植株 ......................................................... 34 
3.1.5 定量检测 XIOsPR10 基因的表达情况 ................................................. 34 
3.2 转基因水稻细条病的抗性分析 ....................................................................... 36 
3.3 芯片分析 ........................................................................................................... 37 
3.4 转基因植株中防御相关基因的表达 ............................................................... 38 
3.5 各种胁迫下 XIOsPR10 基因的表达分析........................................................ 39 
3.6 胁迫处理水稻后 XIOsPR10 基因与其它防御相关基因的综合分析 ........... 41 
第四章 讨论 ................................................................................................ 46 
4.1 荧光定量 PCR .................................................................................................. 46 
4.2 基因芯片数据与荧光定量 PCR 数据的比较 ................................................. 49 
4.3 细条病的抗性研究 ........................................................................................... 51 
4.4 信号通路的研究 ............................................................................................... 52 





























Abstract (in Chinese) .................................................................................... 1 
Abstract (in English)..................................................................................... 3 
Abbreviation.................................................................................................. 5 
Chapter 1 Preface.......................................................................................... 7 
1.1 Research overview of rice bacterial leaf streak .................................................... 7 
1.2 Horomone and defense ......................................................................................... 9 
1.2.1 JAs.............................................................................................................. 9 
1.2.2 SA ............................................................................................................ 12 
1.2.3 ABA ......................................................................................................... 13 
1.3 Receptor-like protein kinase and defense ........................................................... 14 
1.4 Pathogenesis-related proteins and defense.......................................................... 15 
1.4.1 Pathogenesis-related protein 1 ................................................................. 17 
1.4.2 Pathogenesis-related protein 5 ................................................................. 18 
1.4.3 Pathogenesis-related protein 10 ............................................................... 19 
1.5 A11ene oxide synthase and defense .................................................................... 21 
1.6 The contents and significance of the research .................................................... 21 
Chapter 2 Materials and methods............................................................. 23 
2.1 Materials ............................................................................................................. 23 
2.1.1 Plant materials.......................................................................................... 23 
2.1.2 Bacterium................................................................................................. 23 
2.1.3 The main reagents .................................................................................... 23 
2.1.4 The main apparatuses............................................................................... 23 
2.1.5 The preparation of medium and reagents................................................. 24 
2.2 Methods............................................................................................................... 25 
2.2.1 Primers design.......................................................................................... 25 
2.2.2 Identification of transgenic rice ............................................................... 27 
2.2.3 Xoc infection............................................................................................ 30 
2.2.4 Microarray analysis.................................................................................. 30 

















2.2.6 Abiotic treatment...................................................................................... 31 
Chapter 3 Results and analysis.................................................................. 32 
3.1 Identification and analysis of transgenic rice...................................................... 32 
3.1.1 Phenotypes observation of transgenic rice............................................... 32 
3.1.2 Identification by histochemical staining .................................................. 32 
3.1.3 PCR analysis of transgenic rice ............................................................... 33 
3.1.4 RT-PCR analysis of transgenic rice.......................................................... 34 
3.1.5 Quantitative PCR analysis of transgenic rice........................................... 34 
3.2 Analysis of resistance of transgenic rice to BLS ................................................ 36 
3.3 Microarray analysis of transgenic rice ................................................................ 37 
3.4 Expression levels of defense-related genes in XIOsPR10 transgenic rice ........ 38 
3.5 The expression pattern of XIOsPR10 gene under stresses .................................. 39 
3.6 Comprehensive analysis of XIOsPR10 gene and other defense-related genes ... 41 
Chapter 4 Discussion .................................................................................. 46 
4.1 Quantitative PCR ................................................................................................ 46 
4.2 The comparison between microarray analysis and quantitative PCR analysis ... 49 
4.3 Analysis of resistance to BLS ............................................................................. 51 
4.4 Analysis of signaling pathways........................................................................... 52 

























中发现的一个拟抗病基因，本文围绕 XIOsPR10 基因进行研究。对中花 11 转基
因植株进行了细菌性条斑病抗性分析及基因芯片的分析；开展了生物和非生物





植株、RNAi 植株接菌后与模拟对照的植株相比分别有 127、204、690 个差异
基因。这些差异基因可能与细条菌的抗性有关。 
通过荧光定量 PCR 分析各种胁迫处理后 XIOsPR10 基因的表达量变化，结
果显示 XIOsPR10 基因主要在机械损伤、细条菌、MeJA、SA、ABA、NaCl 处
理时有变化。进一步检测了在上述处理下 OsL-RLK1、AOS、PR-1a、PR-10a、
PR-5 等 5 个防御相关基因的表达量变化，对 XIOsPR10 基因和这 5 个基因在水
稻抗性网络中的功能位置进行了解析。OsL-RLK1 基因是类受体蛋白激酶
（receptor-like protein kinase）的编码基因，类受体蛋白激酶位于水稻抗性网络
的上游位置，起到从胞外接收并转导信号的作用。AOS 基因是 JA 合成途径的
关键酶基因，它的上调表达可以促进 JA 类物质的合成。XIOsPR10、PR-1a、
PR-10a、PR-5 基因是病程相关基因，可以对外界刺激产生应答。荧光定量 PCR
检测结果显示 MeJA 上调 OsL-RLK1、AOS、XIOsPR10、PR-1a、PR-10a、PR-5

















传导进细胞内，经 JA 信号途径，诱导病程相关基因的表达。细条菌上调 AOS、
XIOsPR10、PR-1a、PR-10a 基因的表达，推测细条菌的刺激信号通过其它受体
传导进细胞内，经 JA 信号途径，诱导病程相关基因的表达。SA 下调 AOS 基因，
上调 OsL-RLK1、XIOsPR10、PR-1a、PR-10a、PR-5 基因，说明 SA 对 JA 合成
途径具有抑制作用，推测 SA 信号通过类受体蛋白激酶 OsL-RLK1 转导进细胞
内，诱导病程相关基因的表达。ABA 上调 AOS 基因，说明 ABA 对 JA 合成途
径有一定的促进作用。ABA 上调 OsL-RLK1、PR-10a 、PR-5 基因，推测 ABA
信号通过类受体蛋白激酶 OsL-RLK1 传导进细胞内，诱导 PR-5、PR-10a 基因
的表达。 































Rice bacterial leaf streak (BLS) caused by the pathogen Xanthomonas oryzae 
pv. Oryzicola (Xoc) is one of the major rice diseases in South China. It decreases rice 
production by 15-25% generally. Therefore, studying disease resistance genes 
against Xoc and understanding the resistance mechanism are both greatly significant 
to control BLS.  
XIOsPR10 gene is a putative disease resistance gene that has been detected 
from rice proteomics analysis based on the study of differentially expressed proteins 
from rice leaves in response to bacterial leaf streak (BLS). To investigate this gene, 
BLS resistance analysis and microarray analysis of transgenic plants of japonica 
variety Zhonghua 11 were carried out. The expression level of XIOsPR10 and other 
five defense-related genes in rice treated with biotic and abiotic factors was used to 
analyze their relationship in resistance network. 
Transgenic plants of XIOsPR10 gene and wild-type(WT) plants were infected 
with Xoc in heading stage. Results showed that the XIOsPR10 gene overexpressing 
plants were antimicrobial. Besides, high-throughput detection of genes responding 
to the infection of Xoc in transgenic and WT plants was performed using Affymetrix 
microarray. A total of 127, 204 and 609 differentially expressed genes (DEGs) were 
identified in WT plants, overexpressing plants and RNAi plants. These DEGs may 
determine resistant abilities to Xoc. 
In order to further understand the function of XIOsPR10 gene, the expression 
level of XIOsPR10 gene were tested by quantitative PCR after treating WT plants 
with some treatment. The result indicated that the expression level of XIOsPR10 
gene was changed in wounding, Xoc, MeJA, SA, ABA and NaCl treatment. In 
addition, the expression levels of other five defense-related genes were tested under 
the same treatment by the same technique. OsL-RLK1 is a gene encoding 
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the upstream resistance position. AOS is a gene encoding a key enzyme promoting 
the biosynthesis of jasmonates. XIOsPR10, PR-1a, PR-10a, and PR-5 genes are 
pathogenesis-related genes which responding to stimulation. Results displayed that 
all of six genes were increased under MeJA treatment. It is speculated that all the six 
genes are induced by MeJA. Results displayed that all of six genes were increased 
under wounding and NaCl treatment. It is speculated that the receptor-like protein 
kinase OsL-RLK1 may transduct wounding and NaCl signals into cells, and then JA 
signaling pathway induces the expression of pathogenesis-related genes. The 
expression levels of AOS, XIOsPR10, PR-1a, PR-10a genes were enhanced with Xoc 
treatment. It is speculated that other receptor may transduct Xoc signal into cells, 
and then JA signaling pathway induces the expression of pathogenesis-related genes. 
The expression levels of AOS gene were decreased and OsL-RLK1,XIOsPR10, 
PR-1a, PR-10a were increased with SA treatment. It is speculated that SA 
suppresses jasmonates biosynthesis pathway and induces the expression of 
pathogenesis-related genes through receptor-like protein kinase OsL-RLK1. The 
expression levels of OsL-RLK1, AOS, PR-10a, PR-5 were increased with ABA 
treatment. It is speculated that ABA promotes jasmonates biosynthesis pathway and 
induces the expression of pathogenesis-related genes through receptor-like protein 
kinase OsL-RLK1. 


























SAR（systemic acquired resistance） 系统获得抗性 
PRs（pathogenesis-related proteins） 病程相关蛋白 
Xoc（Xanthomonas oryzae pv. Oryzicola） 细菌性条斑病病原菌 
BLS（Bacterial Leaf Streak） 水稻细菌性条斑病 
AOS（allene oxide synthase） 丙二烯氧化合成酶 
SOD（superoxide dismutase） 超氧化物歧化酶 
POD（peroxidase） 过氧化物酶 
CAT（catalase） 过氧化氢酶 
RLK（receptor-like protein kinase） 类受体蛋白激酶 
JAs（jasmonates） 茉莉酸类物质 
MeJA（methyl-jasmonate） 茉莉酸甲酯 
PAL（phenylalanine aminolyase） 苯丙氨酸解氨酶 
CHS（chalcone synthase） 查尔酮合成酶 
PA（phytoalexin） 植保素 
SA（salicylic acid） 水杨酸 
ABA（ abscissic acid） 脱落酸 
PR-1a（pathogenesis-related protein 1a） 病程相关蛋白 1a 
PR-4（pathogenesis-related protein 4） 病程相关蛋白 4 
PR-5（pathogenesis-related protein 5） 病程相关蛋白 5 
PR-10（pathogenesis-related protein 10） 病程相关蛋白 10 
XIOsPR10（Xanthomonas oryzae pv. oryzicola 
induced OsPR10） 
细条菌诱导的病程相关蛋白 10 
PR-10a（pathogenesis-related protein 10a） 病程相关蛋白 10a 
RNAi（RNA interference） RNA 干扰 
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CTAB（cetyltriethylammonium bromide） 十六烷基三甲基溴化铵 
X-gluc 5-溴-4-氯-3-吲哚-β-D-葡糖苷酸 
PCR（polymerase chain reaction） 聚合酶链式反应 
RT-PCR（reverse transcriptase-PCR） 反转录聚合酶链式反应 
WT 植株 野生型植株 
OVER 植株 XIOsPR10 基因过量表达植株 
RNAi 植株 XIOsPR10 基因 RNA 干扰植株 
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第一章 前 言 
1.1 水稻细菌性条斑病研究进展 
水稻细菌性条斑病（Bacterial Leaf Streak），简称细条病。是由 Xanthomonas 














































1997 连续两年对该群体进行了细条病抗性鉴定，采用 t 测验法、复合区间定位
法及多性状复合区间定位法对细条病抗性基因进行了定位分析，共检测出 11
个 QTL，分别位于第 1、2、3、4、5、7、8 和 11 号染色体上[7]。之后利用 Affymetrix
的基因芯片对抗病品种 Acc8558 和感病品种 H359 中受细条病菌侵染调控的基
因进行高通量的检测，发现有 30 个差异表达基因的位置与已报道的控制水稻细
条病的 QTL 吻合。有两个基因（AK111808 和 AK107134）编码转录因子 Myb
蛋白，此蛋白子在白叶枯病菌所诱导的水稻差异表达基因中亦有发现，这暗示 
Myb 蛋白可能与植物抗病性有一定关[8]。有研究发现 GH3-2 是广谱抗性的主要
抗病数量性状位点（QTL），它编码一个吲哚乙酸-氨基酸合成酶（indole-3-acetic 
acid (IAA)-amido synthetase）调控水稻对白叶枯病菌（Xoo）和细菌性条斑病菌




OsWRKY45-2 在 Xoo 和 Xoc 抗性中起着不同的作用。OsWRKY45-1 基因过表达
植株对Xoo 和Xoc敏感，RNAi植株反而增加了对Xoo和Xoc抗性。OsWRKY45-2
基因过表达植株增加了对 Xoo 和 Xoc 的抗性，RNAi 植株对 Xoo 和 Xoc 敏感。
OsWRKY45-1 基因调节的抗性是通过积累 JA 和 SA，诱导防御基因的表达来完

























茉莉酸（ jasmonic acid ， JA ）和挥发性甲酯衍生物茉莉酸甲酯
（ methyl-jasmonate ， MeJA ）及其氨基酸衍生物统称为茉莉酸类物质




放 α-亚麻酸 α-linolenic acid（18:3），α-亚麻酸从植物细胞膜上释放后，经脂氧
合酶（LOX）氧化为 13（ S）-氢过氧-亚麻酸，之后在丙二烯氧化合成酶（ AOS）
和丙二烯氧化环化酶（ AOC）的作用下生成 12-氧-植物二烯酸（ 12-OPDA），
进入细胞质中，经 12 -氧-植物二烯酸还原酶（ OPR）作用，再进入到过氧化
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